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(57) ABSTRACT

An agricultural implement is presented that includes a main
tool bar supporting main agricultural tools. The agricultural
implement also includes an inner wing tool bar pivotally
coupled to the main tool bar and supporting inner wing agri-
cultural tools. Moreover, the agricultural implement includes
an outer wing tool bar pivotally coupled to the outer wing tool
bar and supporting outer wing agricultural tools. Further-
more, the agricultural implement includes a folding system
configured to rotate that outer wing tool bar relative to the
inner wing tool bar to enable the agricultural implement to be
operated in a narrower configuration.

18 Claims, 3 Drawing Sheets
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1
WING LIFTING SYSTEM FOR AN
AGRICULTURAL IMPLEMENT

BACKGROUND

The invention relates generally to ground working equip-
ment, such as agricultural equipment, and more specifically,
to an agricultural implement having foldable wings.

Generally, fertilizer application implements are towed
behind a tractor or other work vehicle via a hitch assembly
secured to a rigid frame of the implement. These fertilizer
application implements typically include one or more ground
engaging tools or openers that form a path for fertilizer depo-
sition into the soil. The openers are used to break the soil,
thereby enabling injection nozzles or knife (e.g., positioned
behind the openers) to deposit fertilizer at a desired depth
beneath the soil surface. Using such an implement, fertilizer
may be distributed throughout a field, either before or after
planting, to facilitate enhanced crop development.

BRIEF DESCRIPTION

In one embodiment, an agricultural implement includes a
main tool bar supporting main agricultural tools. The agricul-
tural implement also includes an inner wing tool bar pivotally
coupled to the main tool bar and supporting inner wing agri-
cultural tools. Moreover, the agricultural implement includes
an outer wing tool bar pivotally coupled to the outer wing tool
bar and supporting outer wing agricultural tools. Further-
more, the agricultural implement includes a folding system
configured to rotate that outer wing tool bar relative to the
inner wing tool bar to enable the agricultural implement to be
operated in a narrower configuration.

In another embodiment, an agricultural implement
includes a main tool bar supporting main agricultural tools.
The agricultural implement also includes an inner wing tool
bar supporting inner wing agricultural tools, the inner wing
tool bar being pivotally coupled to the main tool bar. Addi-
tionally, the agricultural implement includes an outer wing
tool bar supporting outer wing agricultural tools, the outer
wing tool bar being pivotally coupled to the inner wing tool
bar. Furthermore, the agricultural implement includes a fold-
ing system configured to rotate the outer wing tool bar relative
to the inner wing tool bar while maintaining a downward
force on the main tool bar and the inner wing tool bar.

In a further embodiment, a method of operating an agricul-
tural implement that includes raising outer wing tool bars of
the agricultural implement to enable the agricultural imple-
ment to operate in a narrower configuration. The method also
includes lowering inner wing tool bars and a main tool bar.
Furthermore, the method includes applying a downward
force on the inner wing and main tool bars to urge agricultural
tools to engage soil.

DRAWINGS

These and other features, aspects, and advantages of the
present invention will become better understood when the
following detailed description is read with reference to the
accompanying drawings in which like characters represent
like parts throughout the drawings, wherein:

FIG. 1 is a perspective view of an embodiment of an agri-
cultural implement having a storage tank mounted between
frame rails;

FIG. 2 is a block diagram of the embodiment of the agri-
cultural implement of FIG. 1 having inner and outer wings
deployed in an unfolded or down position;
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FIG. 3 is a block diagram of the embodiment of the agri-
cultural implement of FIG. 1 having outer wings deployed in
an up or folded position and inner wings in an unfolded or
down position;

FIG. 4 is a block diagram of the embodiment of the agri-
cultural implement of FIG. 1 having both inner and outer
wings deployed in an up or folded position; and

FIG. 5 is a schematic view of a hydraulic circuit configured
to move the central tool bar and wings relative to each other.

DETAILED DESCRIPTION

FIG. 1 is a perspective view of an embodiment of an agri-
cultural implement 10 having a storage tank mounted
between frame rails. In the illustrated embodiment, the imple-
ment 10 is configured to be towed along a direction of travel
12 by a work vehicle, such as a tractor or other prime mover.
The work vehicle may be coupled to the implement 10 by a
hitch assembly 14, such as the illustrated “goose neck” frame.
As illustrated, the hitch assembly 14 is coupled to a main
frame 16 of the implement 10 to facilitate towing of the
implement 10 in the direction of travel 12. In the illustrated
embodiment, the main frame 16 supports a storage tank 18
configured to house a flowable agricultural product, such as
fluid fertilizer (e.g., urea, anhydrous ammonia, etc.). A pair of
wheels 20 coupled to the main frame 16 is configured to
support the weight of the frame 16, the storage tank 18, and
the flowable agricultural product, thereby enabling the imple-
ment 10 to be towed across the filed.

The implement 10 is configured to transfer the flowable
agricultural product from the storage tank 18 to multiple row
units 22 of a tool bar assembly 24. Each row unit 22 includes
a ground engaging tool configured to break the soil, thereby
excavating a trench into the soil. An injection nozzle (e.g.,
positioned behind the ground engaging tool) is configured to
deposit flowable agricultural product from the storage tank 18
into the trench formed by the ground engaging tool. In certain
embodiments, a penetration depth of the ground engaging
tools is adjustable to facilitate deposition of the agricultural
product at a desired depth beneath the soil surface. Accord-
ingly, a flowable agricultural product, such as fluid fertilizer,
may be distributed throughout a field, either before or after
planting, to facilitate enhanced crop development.

While the illustrated implement 10 includes 24 row units
22, it should be appreciated that alternative implements may
include more or fewer row units 22. For example, certain
implements 10 include a tool bar assembly 24 having a right
outer wing 26, a right inner wing 28, a central tool bar 30, a
left inner wing 32, and a left outer wing 34. Additionally,
certain implements may include 12, 16, 20, 24, 32, or more
row units 22 distributed across the central tool bar 30 and
wings 26, 28, 32, and 34. As discussed below in further detail,
the number of row units and the spacing between row units
may be particularly selected to correspond to the arrangement
of row units on respective seeding or planting implements.
For example, the implement 10 may include 24 row units 22
spaced 30 inches from one another. Accordingly, as the imple-
ment 10 is towed across a field, the row units 22 deposit
fertilizer in rows having 30-inch spacing. After the fertilizeris
applied, a seeding or planting implement having row units
configured to deposit seeds into the soil at 30-inch spacing is
aligned with the rows of fertilizer. As the seeding or planting
implement moves across the field, seeds are placed into con-
tact with the previously applied fertilizer, thereby facilitating
enhanced crop development. In addition, the implement 10
may be utilized to apply fertilizer to previously planted seeds
(e.g., via aligning the row units 22 with the rows of seeds).
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As discussed in further detail below, the agricultural imple-
ment 10 has foldable wings (e.g., right outer wing 26) each
having one or more row units attached. Additionally, the
foldable wings may fold to allow the agricultural implement
10 to change the number of row units 22 that engage the
ground during operation of the agricultural implement 10 on
a field. By enabling the agricultural implement 10 to change
the number of row units 22 engaging the field, the agricultural
implement 10 may be efficiently operated in fields planted
with row planters with various numbers of rows planted. For
example, in certain embodiments, the agricultural implement
10 may be used in a field that has been planted with a planter
having 16 rows when one or more are placed in a folded
position, but the agricultural implement 10 may be suitably
used in a field that has been planted with a planter having 24
rows when the wings are deployed in the unfolded position. In
other embodiments, the agricultural implement 10 may
engage 12, 16, 20, 32, or more row units 22 with the ground
when all wings are deployed in the unfolded position, but may
engage 4, 8, 12, 16, 24, 28, or more row units 22 with the
ground when one or more wings are deployed in the folded
position.

By enabling the agricultural implement to operation with
variable widths, one model of the agricultural implement 10
may be used on to fertilize a variety of fields. Furthermore, by
making one agricultural implement 10 capable of operating in
various field types, a versatile embodiment of the agricultural
implement 10 enables many users (e.g., an agricultural coop-
erative program) to purchase one agricultural implement 10
that may be shared between multiple field types within the
group even if the fields have various sizes and/or are planted
with various planter sizes/types.

FIG. 2 is a block diagram of the agricultural implement 10
having a right outer wing 26, a right inner wing 28, a central
tool bar 30, a left inner wing 32, and a left outer wing 34. In
the illustrated embodiment, each of the wings 26, 28, 32, and
34 are each deployed in an unfolded position. Additionally,
the agricultural implement 10 may apply an outer wing down-
ward force 36 that urges the right outer wing 26 and the left
outer wing 34 towards the soil when the outer wings 26 and 34
are in the unfolded position. Specifically, the downward force
36 urges the row units 22 supported by the outer wings 26 and
34 into the soil at a constant depth when the outer wings 26
and 34 are in the unfolded position. The agricultural imple-
ment 10 also may apply an inner wing downward force 38 that
urges the inner wings 28 and 32 towards the soil when the
inner wings 28 and 32 are in the downward position. Similar
to the outer wing downward force 36, the inner wing down-
ward force may urges the row units 22 supported by the inner
wings 28 and 32 into the soil at a constant depth during
operation of the agricultural implement 10 when the inner
wings 28, 30 are in the unfolded position. Furthermore, a
central tool bar downward force 40 may be exerted on the
central tool bar that urges the central tool bar 30 in a down-
ward direction. Specifically, the central tool bar downward
force 40 urges the central tool bar 30 in a downward direction
such that row units 22 supported by the central tool bar 30
may engage the soil at a constant depth during operation of
the agricultural implement 10 on a field.

In certain embodiments, the outer wing downward force
36, the inner wing downward force 38, and the central tool bar
downward force 40 may each be relatively equal, resulting
from similar pressures being applied to hydraulic actuators
associated with these components. The forces and pressures
may, in certain implementations, take into account factors
such as the different weights of the components when in the
unfolded and folded positions, and so forth. Some embodi-
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ments may include outer wing downward forces 36 and inner
wing downward forces 38, and these too may be generally
similar or equal to those of the other segments of the imple-
ment. However, other embodiments may include outer wing
downward forces 36, inner wing downward forces 38, and
central tool bar downward force 40 each of differing magni-
tudes with the central tool bar downward force 40 as the
highest magnitude, the inner wing downward force 38 at a
lower magnitude, and the outer wing downward force 36 at
the lowest magnitude. In other words, such embodiments
include downward forces of the bars and wings decrease as
the distance from the center of the agricultural implement 10
increases. Moreover, as described below, the downward
forces may result from automatic operation of control equip-
ment, such as hydraulic circuits, without the need for operator
intervention, although calibration, overriding or other inter-
vention may be provided for.

In the various embodiments, the downward forces 36, 38,
and 40 are configured to urge the central tool bar 26 and the
wings 26, 28, 32, and 34 to maintain a constant height above
the soil such that the row units 22 attached to the central tool
bar 26 and/or the wings 26, 28, 32, and 34 maintain a sub-
stantially constant depth during operation of the agricultural
implement 10 in a field. Additionally, the downward forces
36, 38, and 40 are each applied to a respective tool bar or wing
such that each section of the agricultural implement may have
adownward force applied separate from the other sections. As
can be appreciated, by applying the downward forces sepa-
rately to each section rather than applying the downward
force to one portion that is mechanically distributed to the
other portions, the agricultural implement 10 may maintain a
substantially constant depth of agricultural tools attached to
each section even when the agricultural implement is oper-
ated on uneven terrain. Furthermore, as discussed in further
detail below, by having independently applied downward
forces 36, 38, and 40, at least one of the downward forces may
be applied even if one or more of the wings are deployed in the
folded position.

As discussed in detail below, the agricultural implement 10
includes a system for rotating the outer wings 26 and 34
between folded and unfolded positions relative to the inner
wings 28 and 32. FIG. 3 is a block diagram of the agricultural
implement 10 of FIG. 2 illustrating the right outer wing 26
and the left outer wing 34 deployed in an folded position. As
can be appreciated, by rotating the right outer wing 26 relative
to the right inner wing 28 and rotating the left outer wing 34
relative to the left inner wing 32, the overall width of the
agricultural implement 10 is reduced and thereby reducing
the overall number of row units 22 that engage with the soil
during operation of the agricultural implement 10 on a field.
By including a folding/unfolding system, the agricultural
implement 10 may be deployed with outer wings 26 and 34
deployed in unfolded positions as illustrated in FIG. 2 to
apply fertilizer to as many rows as possible in a single pass,
but the agricultural implement may be operated with the outer
wings 26 and 34 in folded positions as illustrated in FIG. 3 in
a narrower field and/or in a field planted with a narrower
planter to cover less rows per pass of the agricultural imple-
ment 10. As previously discussed, the adjustable configura-
tions enable the versatile use of the agricultural implement 10
to be efficiently used in fields of various sizes and/or patterns.

Furthermore, as discussed below, the agricultural imple-
ment 10 enables the application of an inner wing downward
force 38 and the central tool bar downward force 40 regard-
less of whether the outer wings 26 and 34 are deployed in
folded or unfolded positions. As discussed in greater detail
below, even if the outer wing downward forces 36 are enabled
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when the outer wings 26 and 34 are in respective folded
positions, the downward forces 36 may be selected to enable
the outer wing downward force 36 to exert a pressure less than
a threshold that rotates the outer wings 26 and 34 from respec-
tive folded positions into respective unfolded positions.

As discussed in detail below, the agricultural implement 10
includes a system for rotating the inner wings 28 and 32
between folded and unfolded positions relative to the central
tool bar 30. FIG. 4 is a block diagram of the agricultural
implement 10 illustrating the wings 26, 28, 32, and 34 in
respective folded positions. In certain embodiments, the agri-
cultural implement 10 may be operated in narrower deploy-
ment than when the inner wings 28 and 32 are in the unfolded
position as illustrated in FIG. 3. When the agricultural imple-
ment 10 is operated with the inner wings 28 and 32 in respec-
tive unfolded positions, the central tool bar downward force
40 may be enabled to maintain a substantially constant height
of the central tool bar 30 and to urge any row units 22 sup-
ported by the central tool bar 30 into the soil at a substantially
constant depth. Furthermore, in certain embodiments of the
agricultural implement 10, even if the outer wing downward
force 36 and/or the inner wing downward force 38 are enabled
with the inner wings 28 and 32 and/or the outer wings 26 and
34 in the folded positions, the downward forces 36 and 38 are
less than the threshold of pressure used to rotate the respective
wings into respective unfolded positions. In other words, in
such embodiments, the downward forces may be selected
such that the enablement of the downward forces 36 and 38
would not alone be sufficient to rotate the wings to unfolded
positions from respective folded positions.

Additionally or alternatively, in certain embodiments, the
inner wings 28 and 32 may be rotated into respective folded
positions to place the agricultural implement 10 into a trans-
port mode that eases travel (e.g., across roads). In such
embodiments, the central tool bar downward force 40 (along
with the other downward forces) may be disabled and/or
reversed to raise the control tool bar 30 in respect to the soil to
increase ground clearance such that the likelihood of contact
with the earth during transport is reduced. In certain embodi-
ments, the central tool bar 30 and/or wings may be raised
before folding the wings to reduce the likelihood of contact
between various portions of the agricultural implement 10.

FIG. 5 illustrates a hydraulic circuit 40 that may be
included in the agricultural implement 10. In certain embodi-
ments, the hydraulic circuit 42 may be based upon valving
disposed in or on a manifold 44. The manifold 44 may couple
to atow vehicle (e.g., tractor) control mechanism that controls
the functions of the hydraulic circuit 42 through connections
with the manifold 44 through various connections to the
ports. For example, a hydraulic line may lead from the tow
vehicle to supply hydraulic fluid to the hydraulic circuit 42
through the unfolding port 46 to initiate an unfolding mode of
the inner wings 28 and 32. In other embodiments, the agri-
cultural implement 10 may be coupled to a hydraulic supply
that is separate from a tow vehicle.

In certain embodiments, the hydraulic circuit 42 may rotate
the inner wings 28 and 32 relative to the central tool bar 30 to
respective unfolded positions by sending pressurized fluid
from a hydraulic supply through the unfolding port 46. When
the hydraulic fluid enters the unfolding port 46, the fluid flows
through the hydraulic line 48 and out of the manifold 44
through the hydraulic port 50. The fluid then enters actuating
cylinders 52 and 54. The actuating cylinders 52 and 54 actuate
the rotation of the inner wings 28 and 32 relative to the central
tool bar 30. As illustrated, each of the actuating cylinders is a
double-acting cylinder that may be used to rotate the inner
wings 28 and 32 in either direction to toggle the wings
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between folded and unfolded positions. As can be appreci-
ated, when fluid enters the cylinders 52 and 54 through the
hydraulic port 50, the cylinders 52 and 54 extend and urge the
inner wings 28 and 32 toward an unfolded position as illus-
trated in FIGS. 1 and 2.

After the cylinders 52 and 54 have been extended, the fluid
flows through the other end of the cylinders. Specifically, the
fluid exiting the actuating cylinder 52 flows through into the
manifold 44 through the hydraulic port 56 toward the coun-
terbalance valve 58, and fluid exiting the actuating cylinder
54 flows into the manifold 44 through the hydraulic port 60
toward the counterbalance valve 62. In certain embodiments,
the counterbalance valves 58 and 60 are typically closed until
sufficient pressure builds up in the hydraulic line 48 to open
the counterbalance valve 58 through a pilot connection. When
pressurized fluid enters the unfolding port 46 sufficient to
actuate the cylinders 52 and 54, the hydraulic line 48 may be
sufficiently pressurized to open the counterbalance valves 58
and 62. Thus, the fluid may flow through each of the coun-
terbalance valves 58 and 62 to the flow divider-combiner 64.
The flow divider-combiner 64 combines the two flows and
keeps the flow through the counterbalance valves 58 and 62
substantially the same, thereby keeping the cylinders 50 and
52 substantially evenly pressurized and the inner wings 28
and 32 remains substantially even with each other during
rotation. By rotating the inner wings 28 and 32 substantially
evenly, stress on the agricultural implement 10 may be mini-
mized while the inner wings 28 and 32 are unfolding. Once
the flows have been combined in the flow divider-combiner
64, the fluid passes through the check valve 66 and bypasses
the pressure sequencing valve 68 to flow out of the folding
port 70 back to the hydraulic supply. In other words, fluid sent
through the unfolding port 46 may rotate the outer wings 26
and 34 rotated into the folded position illustrated in FIG. 2.

The hydraulic circuit 42 may also be used to fold the inner
wings 28 and 32 from unfolded position to respective folded
positions. To engage an inner wing fold, pressurized fluid
may be sent through the folding port 70. In certain embodi-
ments, it may be desirable to raise the central tool bar 30 prior
to folding to reduce the probability of contact between the
various portions of the agricultural implement. Accordingly,
when fluid flows through the folding port 70, a portion of the
fluid flows through the hydraulic line 72 toward the solenoid
valve 74 to raise the central tool bar 30 for the folding of the
inner wings 28 and 32. As discussed below, the solenoid valve
74 controls the flow of hydraulic fluid. When fluid flows
through the solenoid valve 74 toward the counterbalance
valve 76, the fluid bypasses the counterbalance valve 76
through the check valve 78. The fluid then exits the manifold
44 through the hydraulic port 80 to enter the actuating cylin-
ders 82 and 84. Each of the cylinders 82 and 84 may be a
double acting cylinder that enables the hydraulic circuit 42 to
raise and lower the central tool bar 30 when pressurized fluid
enters the folding port 70. As can be appreciated, the hydrau-
lic circuit 42 may extend the cylinders and urge the central
tool bar 30 away from the soil. After the fluid exits the actu-
ating cylinders 82 and 84, the fluid re-enters the manifold 44
through hydraulic port 86 to return to the hydraulic supply.

When pressurized fluid enters the manifold 44 through the
folding port 70, a second portion of the fluid flows toward the
pressure sequencing valve 68 while a first portion flows
through hydraulic line 72. However, the check valve 66 and
pressure sequencing valve 68 initially keep the liquid from
flowing to the flow divider-combiner 64. Once the pressure in
the line 72 crosses a certain threshold used to raise the central
tool bar 30 (e.g., 1,700 psi), the pressure sequencing valve 68
opens, thereby enabling the fluid to pass through the pressure
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sequencing valve 68 to the flow divider-combiner 64. In other
words, the pressure sequencing valve 68 blocks the flow of the
second portion of the fluid to fold the wings until the central
tool bar 30 has been raised to reduce the likelihood of contact
between the parts of the agricultural implement 10 making
contact between various parts. Once the fluid enters into the
flow divider-combiner 64, the flow divider-combiner 64
divides the fluid into two substantially equal flows each actu-
ating a respective actuator cylinder 52 and 54 to fold the inner
wings 28 and 32 substantially evenly. After the fluid flows
from the flow divider-combiner 64 in two flows, each of the
flows bypass a respective counterbalance valve 58 and 62 by
flowing through a respective check valve 88 and 90 to exit the
manifold 44 through respective hydraulic ports 56 and 60.
After exiting the manifold 44, the flows enter the hydraulic
cylinders 52 and 54 extending the cylinders and urging the
inner wings 28 and 32 to rotate in relation to the central tool
bar 30 toward an unfolded position. Once the fluid has actu-
ated the cylinders 52 and 54, the fluid flows recombine and
enter the manifold 44 through the hydraulic port 50 to flow
back to the hydraulic supply through the unfolding port 46.

Additionally, the hydraulic circuit 42 may be used to
unfold the outer wings 26 and 34. To unfold the outer wings
26 and 34, pressurized fluid is sent into the manifold 44
through the outer wing unfolding port 92. The fluid flows
through the hydraulic line 94 out the manifold 44 through the
hydraulic port 96. The fluid then flows into the actuator cyl-
inders 98 and 100 thereby urging each cylinder to extend and
rotate a respective outer wing 26 and 34 to an unfolded
position. Moreover, the actuator cylinders 98 and 100 have
some threshold pressure (e.g., 2,200 psi) at which point the
wings begin to unfold. Once the threshold pressure is
achieved, the outer wings 26 and 34 are to respective unfolded
positions, and the fluid re-enters the manifold 44 through the
hydraulic port 102 to pass through the counterbalance valve
104. Although the counterbalance valve 104 is typically in
closed, when the hydraulic line 94 is pressurized to the thresh-
old used to rotate the outer wings 26 and 34, the counterbal-
ance valve 104 is opened via a pilot connection to enable fluid
to pass through the counterbalance valve 104 and flow back to
the hydraulic supply through the outer wing folding port 106.
Additionally, once the line has reached the threshold suffi-
cient to unfold the wings, the pressure sustaining valve 108
opens allowing fluid to pass through, but the fluid flow is
blocked by check valves 110, 112, and 114.

The hydraulic circuit 42 also may be used to fold the outer
wings 26 and 34 when pressurized fluid is sent into the mani-
fold 44 through the outer wing folding port 106. The fluid then
bypasses the counterbalance valve 104 by passing through a
check valve 116 and flows out of the manifold 44 and into the
actuator cylinders 98 and 100 through the hydraulic port 102.
As can be appreciated, by entering the actuator cylinders
through the hydraulic port 102, the fluid urges the actuator
cylinders 98 and 104 to retract thereby rotating respective
outer wings 26 and 34 relative to respective inner wings 28
and 32 into respective folded positions. After the outer wings
26 and 34 have been folded onto respective inner wings 28
and 32, the fluid flows from the actuator cylinders 98 and 100
into the manifold 44 through the hydraulic port 96. The fluid
then flows back into the hydraulic supply through the hydrau-
lic line 94 out of the manifold 44 through the hydraulic port
92.

Additionally, the hydraulic circuit 42 may apply a down-
ward force regardless of the positions of the wings. To lower
the bar and/or enable downward forces 36, 38, and/or 40,
pressurized fluid may be sent from a hydraulic supply through
the lowering port 118. A first portion of the fluid passes
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through hydraulic port 86 to the lower the central tool bar 30
using the actuator cylinders 82 and 84 by urging the cylinders
to retract. The fluid then returns to the hydraulic supply
through the raising port 120. A second portion of the fluid
then flows through the check valve 110. This second portion
of fluid passes through the check valve 110 through pressure
reducing valve 122. The pressure reducing valve 122 limits
the pressure in the flow to a desired value for the actuated
cylinders (e.g., 650 psi) by siphoning off and returning a
portion of the fluid to the hydraulic supply. Accordingly, the
pressure supplied as an outer wing downward force 36 to the
outer wings 26 and 34 via respective actuator cylinders 98 and
100 is limited by the pressure reducing valve.

As can be appreciated, the outer wing downward force 36
essentially includes pressure in the same direction as the
pressure used to unfold the wings. However, due to the limi-
tation of the pressure on the fluid passing through the pressure
reducing valve 122, the pressurized fluid may be insufficient
to supply the threshold (e.g., 2,200 psi) used to unfold the
outer wings 26 and 34. In other words, due to the inclusion of
the pressure reducing valve 122, sending fluid through the
lower port 118 may apply the outer wing downward force 36
when the outer wings 26 and 34 are deployed in the unfolded
position, but the pressure supplied is unable to rotate the outer
wings 26 and 34 to unfolded positions from respective folded
positions. Accordingly, the inner wing downward forces 38
and central tool bar downward force 40 may be applied with-
out unfolding the outer wings 26 and 34 when fluid is sent
through the lowering port while the outer wings 26 and 34 are
folded as illustrated in FIG. 2.

Similar to the second portion, a third portion of the fluid
flowing through the lowering port 118 is passed through the
check valve 112 into a pressure relieving valve 124. The
pressure reducing valve 124 limits the pressure of the third
portion of the fluid flowing through the pressure relieving
valve 124 to a desired pressure suitable for providing the inner
wing downward force 38 through the actuator cylinders 52
and 54 without unfolding the inner wings 28 and 32. For
example, in some embodiments, this pressure (e.g., 650 psi)
may be selected to be a value equal to the selected pressure
used to provide the outer wing downward force 36 through the
pressure reducing valve 122 and/or less than the threshold
pressure (e.g., 2,200 psi) used to rotate the inner wings 28 and
32 into respective unfolded positions. Accordingly, the cen-
tral tool bar downward force 40 may be applied when both the
inner wings 28 and 32 and the outer wings 26 and 34 are in the
folded position as illustrated in FIG. 3.

Additionally, in some embodiments of the agricultural
implement 10, it may desirable to raise the central tool bar 30
and/or the wings during operation. For example, the hydraulic
circuit 42 may be used to raise the central tool bar 30 and/or
the wings, such as at an end of a row of crop to provide the
ground engaging tools 22 clearance over the crop. For
example, the central tool bar 30 may be raised, and the right
outer wing tool bar 26, the right inner wing tool bar 28, the left
inner wing tool bar 32, and the left outer wing tool bar 34 may
be slightly folded so that the tool bars are lifted above the
crop. In some embodiments, when the central tool bar 30 is
raised the downward forces 36, 38, and 40 are disabled to
enable fluid to flow in through the raising port 120 and back to
the hydraulic supply through the lowering port 118. To raise
the central tool bars and slightly lift the wing tool bars, fluid
is provided to the raising port 120. Fluid entering the raising
port 120 is directed toward the counterbalance valve 76. The
fluid bypasses the counterbalance valve 76 by flowing
through the check valve 78. The fluid then flows out the port
80 and to the actuators 82 and 84. The fluid directs the rods of
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the actuators 82 and 84 to extend and raise the central tool bar
30. When the actuators 82 and 84 are fully extended, fluid
may exit the actuators 82 and 84 and flow back into the
hydraulic supply through the lowering port 118.

Fluid entering the raising port 120 is also directed toward
the solenoid valve 74. As illustrated, the solenoid valve 74
initially allows fluid to flow through, and flow is blocked from
flowing to hydraulic line 48 by relief valve 126. Thus, the fluid
flows toward hydraulic line 72, but the fluid is blocked from
flowing through the pressure sequencing valve 68 due to
insufficient pressure in the hydraulic line 72. Fluid also flows
through the check valve 114 and a flow control valve 128. The
fluid then flows through the pressure sustaining valve 108 and
the check valve 116 to urge the actuators 98 and 100 to retract.
Therefore, the outer wings 26 and 34 may begin rotating from
the unfolded position to the folded position.

When pressure in the hydraulic line 72 is sufficient, the
pressure sequencing valve 68 enables fluid to flow toward the
actuators 52 and 54 to rotate the inner wings 28 and 32.
Accordingly, the wings may rotate from the unfolded position
toward the folded position. Moreover, a sensor (not shown)
may be used to detect an angle between the central tool bar 30
and the right outer wing 26 and/or the left outer wing 34.
When the sensor detects that the angle has reached a prede-
termined limit, the sensor is configured to energize the sole-
noid of the solenoid valve 74. For example, the sensor may
include a micro switch that when actuated (e.g., closed)
enables current to energize the solenoid of the solenoid valve
74. Conversely, when the micro switch is not actuated (e.g.,
open) current flow is blocked from flowing, thus the solenoid
of'the solenoid valve 74 is de-energized. When the solenoid of
solenoid valve 74 is energized, the solenoid valve 74 blocks
fluid flow from the raising port 120 to the hydraulic line 72.
Thus, the wings stop rotating from the unfolded position
toward the folded position.

The sensor may be configured so the wing tool bars are
lifted to a sufficient height to clear crop so that the ground
engaging tools 22 do not contact crop, such as for turning the
agricultural implement 10 at the end of a row of crop. More-
over, as may be appreciated, the ends of the wing tool bars
may be raised more than the central tool bar 30 because the
ends of the wing tool bars may be inclined downward due to
gravitational pull. Accordingly, by providing fluid to the rais-
ing port 120, the central tool bar 30 is raised and the wing tool
bars are lifted. Moreover, the sensor may be directly coupled
to the solenoid of the solenoid valve 74 to stop lifting the wing
tool bars when the predetermined angle is reached. As such,
the operator of the agricultural implement 10 does not have to
check the height of the tool bar assembly 24 after fertilizing
each row of crop because the central tool bar 30 and/or the
wings are raised and lifted to a predetermined height by
providing fluid to the bar raising port 120.

While only certain features of the invention have been
illustrated and described herein, many modifications and
changes will occur to those skilled in the art. It is, therefore, to
be understood that the appended claims are intended to cover
all such modifications and changes as fall within the true spirit
of the invention.

The invention claimed is:

1. An agricultural implement comprising:

a main tool bar supporting main agricultural tools;

an inner wing tool bar pivotally coupled to the main tool bar
and supporting inner wing agricultural tools;

an outer wing tool bar pivotally coupled to the inner wing
tool bar and supporting outer wing agricultural tools;
and
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a folding system configured to rotate the outer wing tool
bar relative to the inner wing tool bar to enable the
agricultural implement to be operated in two or more
narrower configurations, wherein each narrower con-
figuration comprises a folded configuration with the
outer wing tool bar folded inwardly to an up position,
and wherein the folding system is configured to apply a
first downward force, via a first subset of a plurality of
actuated cylinders, on the main tool bar at least while the
agricultural implement is in the narrower configurations
and a second downward force, via a second subset of the
plurality of actuated cylinders, on the inner wing tool bar
while maintaining the outer wing tool bar in the up
position.

2. The agricultural implement of claim 1, wherein the
folding system is configured to apply a third downward force
on the outer wing tool bar when the outer wing tool bar is in
a down position via a third subset of the plurality of actuated
cylinders.

3. The agricultural implement of claim 2, wherein the first
downward force is greater than the second downward force
and the third downward force.

4. The agricultural implement of claim 2, wherein the first
downward force urges the inner wing and main agricultural
tools into soil in a field on which the agricultural implement is
being operated, and the second downward force urges the
outer wing agricultural tools into the soil of the field.

5. The agricultural implement of claim 4, wherein the inner
wing, outer wing, and main agricultural tools each comprise
coulter discs.

6. The agricultural implement of claim 5, wherein the first
downward forces urge the coulter discs of the inner wing and
main tool bars into the soil at a substantially uniform depth
regardless of outer wing tool bar position, and the second
downward force urges the coulter discs of the outer wing tool
bar into the soil at the substantially uniform depth when the
outer wing tool bar is in the down position.

7. An agricultural implement comprising:

a main tool bar supporting main agricultural tools;

an inner wing tool bar supporting inner wing agricultural
tools, the inner wing tool bar being pivotally coupled to
the main tool bar;

an outer wing tool bar supporting outer wing agricultural
tools, the outer wing tool bar being pivotally coupled to
the inner wing tool bar; and

a folding system configured to rotate the outer wing tool
bar to an up position relative to the inner wing tool bar
and to apply a downward force on the main tool bar and
the inner wing tool bar while maintaining the outer wing
tool bar in the up position, wherein the folding system is
configured to apply the downward force via one or more
actuated cylinders, wherein at least one of the one or
more actuated cylinders extends between the inner wing
tool bar and the main tool bar, and the at least one of the
one or more actuated cylinders is configured to apply at
least a portion of the downward force on the inner wing
tool bar.

8. The agricultural implement of claim 7, wherein the
folding system is configured to rotate the inner wing tool bar
relative to the main tool bar and to apply the downward force
on the main tool bar after the inner wing tool bar is rotated.

9. The agricultural implement of claim 7, wherein the
folding system is configured to toggle the outer wing tool bar
between the up position and a down position.

10. The agricultural implement of claim 9, comprising a
second inner wing tool bar and a second outer wing tool bar,
wherein the agricultural implement is configured to fertilize
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24 rows of vegetation when the outer wing tool bar and the
second outer wing tool bar are in the down position.

11. The agricultural implement of claim 10, wherein the
agricultural implement is configured to fertilize 16 rows of
vegetation at least while the outer wing tool bar and the
second outer wing tool bar are in the up position.

12. The agricultural implement of claim 7, wherein the
folding system comprises a height adjustment system config-
ured to raise and lower the main tool bar.

13. The agricultural implement of claim 12, wherein at
least one of the one or more actuated cylinders is configured
to vertically rotate the outer wing tool bar.

14. The agricultural implement of claim 12, wherein the
height adjustment system is configured to use at least one of
the one or more actuated cylinders to raise and lower the main
tool bar.

15. The agricultural implement of claim 13, wherein the
height adjustment system provides the downward force on the
main tool bar when the main tool bar is in a lowered position.
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16. The agricultural implement of claim 12, wherein the
folding system comprises a manifold configured to receive
control inputs from a work vehicle towing the agricultural
implement.

17. A method of operating an agricultural implement:

raising outer wing tool bars of the agricultural implement

to enable the agricultural implement to operate in a
narrower configuration;

lowering inner wing tool bars and a main tool bar; and

applying a downward force, via one or more actuated cyl-

inders, on the inner wing tool bars and the main tool bar
to urge agricultural tools to engage soil while the outer
wing tool bars are raised, wherein at least one of the one
or more actuated cylinders extends between a respective
inner wing tool bar and the main tool bar, and the at least
one of the one or more actuated cylinders is configured
to apply at least a portion of the downward force on the
inner wing tool bar.

18. The method of claim 17, wherein raising the outer wing
is performed before the inner wing tool bars and the main tool
bar are lowered and the downward force is applied.
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